This paper deals with experimental and numerical studies on the flow field around a low-pressure linear turbine cascade whose solidity is changeable. The purpose of them is to clarify the effect of incoming wakes upon the aerodynamic loss of the cascade that is accompanied with separation on the airfoil suction surface, in particular for low Reynolds number conditions and/or low solidity conditions. Cylindrical bars on the timing belts work as wake generator to emulate wakes that impact the cascade. Pneumatic probe measurement is made to obtain total pressure loss distributions downstream of the cascade. Hot-wire probe measurement is also conducted over the airfoil suction surface. Besides, LES-based numerical simulation is executed to deepen the understanding of the interaction of the incoming wakes with the boundary layer containing separation bubble.
INTRODUCTION
Great effort has been devoted to the development of highly loaded low-pressure turbine (LPT) blades for aeroengines during more than a decade. This is because the realization of such turbine blades enables drastic reduction of the blade count, leading to lighter aeroengines with low acquisition and maintenance costs. One big obstruction in achieving high loading blades under the conventional blade design process is the appearance of flow separation on the blade suction surface at the cruise condition, which leads to significant increase in the loss. Recently incoming wakes from the preceding blades and vanes are now being regarded as one of the promising remedies to avoid the loss increase induced by the separation or separation bubble. Accordingly, a lot of studies have been made to investigate the interaction of the incoming wakes with the separation bubble on the suction surface of LPT blades and some efforts among them successfully developed blade profiles and bladings for achieving ultra high lift (for example, Hodson et al. [1] , Halstead et al. [2] , Shulte and Hodson [3] , Howell et al. [4] , Cardamone et al. [5] , Haselbach et al. [6] , Kalitzin et al. [7] , Stieger and Hodson [8] and Brear and Hodson [9] ). Furthermore, a number of numerical works dealing with wake /blade interaction have been also published to date, using RANS [10] , LES [11, 12] or DNS [7, 13] . To the authors' best knowledge, however, few works have explicitly examined effects of blade solidity upon the profile loss of LPT blades with and without the influence of incoming wakes.
This paper therefore deals with experimental and numerical investigations of the flow field around a low-pressure linear cascade of turbine airfoils with variable solidity. The aim of this study was to elucidate the effects of the solidity upon the airfoil loading as well as the aerodynamic performance of the cascade under steady-state and unsteady flow conditions, focusing on the appearance of separation bubble on the airfoil suction side. The solidity was changed by enlarging the airfoil pitch from the original value, while the airfoil profile was unchanged. The present study employed cylindrical bars on the timing belts to produce wakes that influenced the boundary layer on the airfoils of the cascade. A pneumatic probe was used to measure total pressure loss distributions downstream of the cascade. Hot-wire probe measurements were also made over the blade suction surface to investigate the interaction of the incoming wakes with the separated boundary layer. In addition, a numerical approach using LES was executed to deepen the understanding of this complicated flow situation, the results being compared with the experiments. Figure 1 shows a close-up of the test section that contains the test linear cascade and wake generator. The linear cascade consisted of seven airfoils. Information on the airfoil geometry and cascade configuration is listed in Table 1 . The crosssection of the airfoil was a typical profile of LPT in modern aeroengines, and the solidity of the original cascade configuration was also representative there. There were two instrumented brass airfoils in the cascade to measure static pressure distributions over the suction and pressure surfaces, respectively. Each of the airfoils, which are designated Blade #3 and Blade #4 in Figure 2 , had 30 pressure holes of 0.5 [mm] diameter on its suction or pressure surface. The rest of the airfoils in the cascade were made of aluminum. The pitch of the cascade could be enlarged by more than 20% of the original value using spacing plates. The cascade could be slightly tilted back and forth in order to adjust incidence of the airfoils. Blade #4, being situated almost in the center of the duct, was the target airfoil whose aerodynamic performance and boundary layer development were examined in detail.
Upstream of the cascade, horizontal bars of the wake generator moved along the pitchwise direction of the cascade. The axial distance between the locus of the moving bars and the airfoil leading edge was 93 [mm] . The diameter of the bar was 3 [mm] . Both ends of the bar were firmly attached to the top surfaces of the timing belts by use of connectors. The pitch of the connector was 63.5 [mm] . Since the number of the connectors on one timing belt was 68, the selectable bar pitch was 63. 5 One of the features of the wake generator used in this study was that the wake generating bars crossed the main flow twice, i,e., in front of the cascade and downstream of the contraction nozzle 1 (see Figure 1 ). This structure was selected for maintaining accessibility of any kinds of instruments to the flow field downstream of the cascade or the boundary layer over the suction surface of the airfoil. The drawback of this type of the wake generator was that it inevitably produced unnecessary wakes when the bar crossed the upstream flow field. To alleviate this problem, the upstream location of the bar crossing with the main flow was distanced by more than 1 [m] from the airfoil leading edge along the centerline of the test section. Moreover, an additional flow-contracting device was attached to the exit of the contraction nozzle 1 to promote the decay of those unnecessary bar wakes with help of the flow acceleration. Figure 3 . This probe positioning was necessary for the accurate measurement of the total pressure loss associated with the target airfoil, in particular for very low speed cases. This was because for those cases even small non-uniformity of the inlet flow field deteriorated the accuracy of the total pressure loss measurement. As can be easily understood, however, the positioning of the Pitot tube #1 was not adequate in the case for the continuous aerodynamic measurement of the cascade. Therefore, a supplementary Pitot tube, named Pitot tube #3, was used to make the continuous measurements of the inlet total pressure. Pitot tube #3 was horizontally distanced by 80 [mm] from the midspan of the airfoils, aiming at minimizing unfavorable influence of this probe upon the measurement of the outlet total pressure. Calibration was made for every test case to correlate the value of total pressure measured by Pitot tube #3 to that of Pitot tube #1. For the measurement of the outlet total pressure and velocity, Pitot tube #2 was placed 15 [mm] downstream of the trailing edge of the target airfoil in the axial direction. The probe was aligned with the exit flow direction from the cascade, using a tuft as an indicator of the exit flow direction. A traversing mechanism controlled by a PC changed the position of the Pitot tube #2. Because of the low inlet dynamic pressure frequently encountered in the present measurements, it was crucial for this study to employ highly accurate pressure transducers. The transducer with the accuracy of ± 0.5[Pa] (DMP-301N, Okamura Works, Co.) was used to measure the total pressure difference between the inlet and outlet of the cascade. This transducer was also applied to the static pressure measurement around the airfoil for the low speed test cases. Data transmission from the pressure transducer to the PC was made via RS-232C interface, synchronized with the movement of the probe-traversing mechanism.
A single hot-wire probe, DANTEC 55P11, was used for the boundary layer measurement over the airfoil suction surface. The probe was connected to a CTA (Constant Temperature Anemometry) system, Kanomax Model 1011 and Kanomax model 1013, the latter being a linearizing unit with the function of temperature compensation. The data acquisition process was synchronized with the movement of the timing belt using the output from the optical tachometer as triggering signal. Data sampling was executed by use of the A/D converter, Keyence NR-350, with sampling frequency of 25kHz. Figure 4 shows the positions of the velocity profile measurement of the boundary layer. The area to be measured extended from x s x s max = 0.446 to x s x s max = 0.829, where x s was the surface length from the leading edge of the airfoil and x s max was the maximum length up to the trailing edge. As shown in Figure 4 , the upstream and downstream ends of the area corresponded to 56% C x and 90% C x , respectively. The measurement grid points along the normal line to the surface 
Data Processing and Uncertainty Analysis
Pneumatic Measurements Local total pressure loss coefficient Y p and static pressure coefficient on the airfoil surface C p were defined by
where U 2 was the averaged exit velocity over one pitch of the cascade, p 01 and p 02 y ( ) were the inlet and outlet total pressures measured by Pitot tube #1 (correctly speaking, by Pitot tube #3 with use of the correlation between the values of Pitot tube #1 and Pitot tube #3) and Pitot tube #2, respectively, and p x ( ) was the static pressure on the airfoil surface.
In order to quantify any favorable or adverse effects of the incoming wakes upon the aerodynamic performance of the cascade concerned, it was important to separate the direct contribution of the bar wakes themselves from the total pressure loss coefficient of the cascade, and this was the reason for placing the Pitot tube downstream of the moving bars. Unfortunately, because the bar wakes were not fully mixed out at the inlet measurement plane, it was difficult to extract the bar-wake loss from the measured total loss distribution Y p y ( ). In reality, some addition loss was induced due to the mixing with the main flow after the inlet measurement plane and it was amalgamated in the measured total pressure loss distribution Y p y ( ). As will be described in this paper, most of the mixing loss due to the bar wakes seemed to occur in the blade-to-blade passage. Therefore, when evaluating mass-averaged loss coefficient of the cascade under the influence of the incoming wakes, the additional loss appearing in the passage was eliminated.
Hot-Wire Measurements
The instantaneous velocity data measured by the hot-wire probe were A/D converted and stored in the PC. The size of each of the realizations, N d , was 10,000 word. From these velocity data, u k k = 1,..., N f , ensemble-averaged velocity u was calculated by the following equations. u x s , y n ; j t
where t was data sampling interval, N f was the number of the realizations used for ensemble averaging (= 40) and U ref was the reference velocity. This study adopted time-averaged velocity at y n = 10 [mm] as U ref (see Figure 4) . Time-resolved boundary layer thicknesses such as displacement thickness were then obtained using the ensemble-averaged velocity, where the instantaneous boundary layer thickness was defined as the distance from the surface to the nearest point with a maximum velocity. The following equation yielded the ensemble-averaged shape factor H 12 ,
where 1 and 2 were ensemble-averaged displacement and momentum thicknesses, respectively. 
Uncertainty Analysis
Uncertainty associated with the pneumatic measurement was mostly governed by the accuracy of the pressure transducers. Most severe cases in terms of the measurement accuracy happened at the low-speed flow conditions ( U in = 4.9 [m/s]). As mentioned above, the accurate pressure transducer with ± 0.5[Pa] was used for these cases. It was determined from the procedure of Kline and McClintock[14] that the uncertainty of the inlet velocity U in was about ± 1.7% and the uncertainty associated with the loss coefficient for the airfoil wake center was about ± 4.9%. Uncertainty of the static pressure coefficient turned out to be about ± 3.5% around the peak region of the pressure coefficient on the suction surface.
The uncertainty associated with the pneumatic measurement also determined the accuracy of the hot-wire probe measurements because the probe calibration relied on the velocity measured with the Pitot tube while any other errors such as the error due to the curve fitting remained small (less than 1%). Therefore the uncertainty of the hot-wire probe measurement was estimated to be about ± 2%. 
where C was the chord length and U 2 was the averaged exit velocity. The exit velocity distribution was carefully measured, averaged and adjusted for every test case until the specified averaged exit velocity was obtained. The tested solidities were expressed in terms of relative reduction in solidity from the original value, and they were 0.0% (designated S 00 hereafter), -14.2% ( S 15 ) and -18.9% ( S 20 ). Strouhal number St , a parameter to indicate unsteadiness of the wake passing, was given by the following equation,
where f bp was the bar-passing frequency calculated by the driving gear rotation speed and the bar pitch. Test conditions covered in this study were listed in Table 2 . The values of the inlet velocities as well as the Strouhal numbers shown here were for the original solidity cases. Although the reduction in solidity yielded a slight change in the measured inlet velocity, the influence of the change remained limited. Because of only two selectable bar pitches (or total number of bars), it was impossible to achieve a specified Strouhal number without changing the bar speed for a fixed Reynolds number. Therefore the change in Strouhal number sometimes led to slight change in inlet velocity triangle. In addition, as the inlet flow velocity increased for higher exit Reynolds number cases, it was not possible to attain a high Strouhal number due to the bar vibration. As a result, the maximum Strouhal numbers for Re = 10.0 10 4 and 17.0 10 4 were 0.8 and 0.5, respectively. Free-stream turbulence intensity was about 0.8% for the steady-state cases with no wake generating bars. In the unsteady cases, free-stream turbulence was enhanced up to about 1.5% for the highest Strouhal number case due to the effects of the bar wakes generated at the far-upstream of the cascade as well as the diffusion of the bar wakes created near the cascade.
NUMERICAL SIMULATION
Numerical simulation was performed in order to enhance the understanding of the entire flow field around the cascade with and without the interaction with wakes from the moving bars. From the authors' experience in applying RANS-based simulation to the present flow field, it followed that the RANS failed to predict the appearance of the separation bubble on the airfoil suction side, probably due to its intense numerical viscosity. This study thus used LES-based simulation to predict the unsteady flow field. A commercial code, CFX 5.7 (ANSYS Inc.) was adopted as the solver of NS equations in conjunction with Gridgen (Pointwise Inc.) for generating a high quality grid system including the bar in front of the cascade. As a subgrid-scale (SGS) modeling, rather a classical Smagorinsky model was employed, where the Smagorinsky constant was 0.10. The van-Driest damping function was used for near-wall treatment. Figure 5 shows the grid system used in this study. The spanwise extent of the calculation domain was 50% of the axial chord length. The bar pitch was forced to be the same as that of the cascade for the sake of simplicity. The grid system consisted of two main blocks, i.e., bar block and cascade block. The bar block was composed of several sub-blocks, one of which surrounded the surface of the bar using O-type grid. The grid points used in the bar block amounted to 1.14 million, where 95 points were distributed in the spanwise direction. The cascade block contained two sub-blocks of H-type grid with about 2.66 million points. Although the number of the grid points used was not large enough for the analysis of turbulent flows with high Reynolds number, a compromise in terms of grid points had to be made in consideration of the required CPU time for time-accurate simulation until a periodic solution was achieved.
RESULTS

Pneumatic Measurements
Experimental data on aerodynamic performance of the cascade with and without the influence of wake passing are reviewed in the following. Figure 6 demonstrates static pressure distributions around the airfoil of the cascade for three solidity cases at Re = 5.7 10 4 . It is clear that the decrease in solidity resulted in the increase in the pressure coefficients on the suction surface, leading to higher airfoil loading. This low Reynolds number condition also induced separation or separation bubble on the suction surface for the reduced solidity cases. The separation point resided almost at the same position ( x C x = 0.65 ) for two lowered solidity cases. On the other hand, the transition point, from which the pressure coefficient abruptly declined, and the reattachment point advanced as the loading increased. The pressure distributions for Re = 10.0 x 10 4 and 17.0 x 10 4 are shown in Figures 7 and 8 . The separation disappeared in these cases for S 00 . The transition point as well as the reattachment point moved upstream with the increase in the Reynolds number, while the separation point almost unchanged. Pressure coefficients after the reattachment point for the two reduced solidity cases tended to follow those of the original solidity case.
Steady-State Inlet Flow Cases Static Pressure Distributions
The advanced transition of the separation bubble was regarded as the result of the flow acceleration caused by the solidity reduction. It also seemed that the free-stream turbulence promoted the transition. Figure 9 shows that the peak value of the loss distribution for S 00 at Re = 5.7 10 4 was about 6.5, which was the smallest value among the all test conditions, however the width of the high loss area was relatively wide. The peak values increased with the enhancement of the loading, while the width of the loss distribution did not exhibit noticeable change from that of S 00 , meaning the increase in loss. As seen in Figures 10 and 11 , the loss distribution tended to become narrow with the Reynolds number, with the loss peak almost unchanged. It can be concluded that the reduction of the solidity in the steady-state flow conditions caused the increase in the total pressure loss. 
Loss Distributions
Unsteady Inlet Flow Cases
Bar Wake Profile Figure 12 shows traces of ensemble-averaged inlet velocity measured using the hot-wire probe at three Strouhal numbers for Re = 5.7x10 4 , where the velocity was normalized with its time-averaged value. Since the bar speeds were the same for St = 0.4 and 0.8 for Re = 5.7x10
4 (see Table 2 ), the wake profiles for these two cases looked similar with each other, while the profile for St = 1.2 was slightly narrower due to the increased bar speed. The maximum velocity deficit of the wake was about 20% of the time-averaged value.
The observed bar wake width was compared with the evaluated values using the following correlation [15] , which was slightly modified to be the expression projected onto the plane of the airfoil leading edges.
where b 1 2 was the semi-depth width projected on the leading edge plane, x a was the axial distance from the bar to the measurement point, C d was the drag coefficient of the bar, d was the diameter of the bar and w was the angle of the wake centerline measured from the cascade axis. Assuming C d = 1.0, Eq. (7) Figures 13,14 and 15 demonstrate the effects of wake passing upon the static pressure distributions around the airfoil with S 20 solidity case at Re = 5.7 x 10 4 , 10.0 x 10 4 and 17.0 x 10 4 , respectively. In each case the pressure distributions for three Strouhal numbers were compared with the corresponding steady-state pressure distribution. It is obvious that the bar wakes worked for suppressing the separation bubble on the suction surface. In particular, the effects of the bar wake passing were noticeable for the low Reynolds number case ( Re = 5.7 x 10 4 ). For higher Reynolds number, on the other hand, it is difficult to see differences among the pressure distributions for the three Strouhal numbers, implying that the bar wake became less effective to suppress the separation bubble in those higher Reynolds number cases than in the lower Reynolds number case. This was mainly because the separation bubbles became small for the higher Reynolds numbers as seen in Figures 7  and 8 . The effect of the free-stream turbulence should be also counted in this consideration. Figures 16, 17 and 18 exhibit wake-affected total pressure loss distributions for the three solidity cases at the lowest Reynolds number condition, in comparison with the corresponding steady-state loss distributions. It follows from Figure 16 that the peak of the loss distribution increased due to the bar wakes, while the width of the wake-affected loss distribution became narrower than that of no wake condition. Moreover, there appeared loss accumulation on the airfoil suction side, whereas negative loss regions emerged on the pressure side of the airfoil. The accumulated loss on the suction side may be attributed to a well-known movement of the incoming wakes from the pressure side towards the suction side of the flow passage, or so-called negative-jet effect.
Wake-Affected Static Pressure Distributions
Wake-Affected Loss Distributions
It seems worthy of discussing on the loss accumulation on the suction side. Since the local loss coefficient was based on the inlet total pressure measured downstream of the moving bars, in theory the loss contribution from the bar should have been excluded. In reality, however, the loss induced by the mixing process of the bar wakes inside the passage was inevitable, partially because of the relatively short distance between the bar and the probe at the inlet of the cascade. On the other hand, no plausible reasoning has not been given yet to the appearance of the negative loss region. Interestingly, as will be shown later, the numerical simulation in this study also predicted a similar flow event. Anyhow, issues on the cascade loss profile should be revisited by referring to the relevant studies such as that of Hodson and Dawes [16] .
As shown in Figures 17 and 18 for the reduced solidity cases, the effects of the bar wakes became less prominent, i.e., the wake-affected loss profiles tended to coincide with each other. In addition, those profiles only slightly deviated from each of the corresponding steady-state loss profiles, except for the difference on the suction side. The observed tendency of the wake-affected loss profiles was consistent with that of the wake-affected static pressure distributions on the airfoil. Figure 19 shows the steady-state pressure distribution calculated for S 15 at Re = 5.7 x 10 4 using the Smagorinsky-based LES approach, which was compared with the counterpart in the experiments. The calculated results almost agreed with the measured static pressure, in particular, the separation point was properly predicted. However, some discrepancies were also confirmed. For instance, the length of the separation bubble was overestimated probably because the effect of the free-stream turbulence was not properly taken into account in the LES simulation, whereas 1% free-stream turbulence was selected from the option of the solver. Nevertheless, the reasonable agreement with the experiment verified the usefulness of the numerical approach adopted in this study. Then, the LES analysis was applied to the simulation of bar wake interaction with the cascade. The results are shown in Figures 20 and 21 . Figure 20 is the time-averaged static pressure distribution calculated for St = 0.82, which was compared with the almost corresponding measurement for St = 0.80. It was found that the LES was able to yield an overall agreement with the experiment. However, the experimental wake-affected static pressure distribution still exhibited a plateau from x C x = 0.65 to x C x = 0.7, while any plateau originated from the separation bubble almost disappeared in the calculated results. 
CFD Analyses Static Pressure Distributions
Loss Distributions
The calculated total pressure loss distributions for the steady-state and unsteady flow conditions are shown in Figure 21 in comparison with the corresponding experimental data. Although the LES failed to predict the peak values of the loss profiles and their pitchwise positions of the loss profiles for both flow conditions, several features of the profiles such as wake width were well predicted. The loss accumulation on the suction side, in addition to the appearance of negative loss region, was reasonably reproduced in the simulation. It also seems worthy of mentioning that the calculated peak value of the time-averaged loss distribution decreased in comparison with that of the steady-state loss distribution. Figure 22 depicts contours of calculated shape factor on the space-time diagram in comparison with the corresponding experimental data. Note that the abscissa of the diagrams are the surface length on the suction surface from the leading edge and the ordinates are the elapse time scaled with the wake passing period used in CFD. The scaling used for the abscissa of the experimental diagram was almost the same with that of the calculation. Wake paths were displayed on the calculated contours. Positions of the wake paths were determined from the velocity contours on time-height diagrams at several streamwise locations on the suction surface as shown in Figure 23 , where relatively low-velocity zones were regarded as the incident wakes. Regions with higher shape factor, which corresponded to the location of separation bubble, were periodically disrupted. Similar behavior was observed in the shape factor contours of the experiment. After the bar wake was swept away, wedge-shaped regions with the shape factor less than 1.7 emerged. The appearance of this region indicated progression of the turbulent zone towards the downstream, starting from the point designated A on the contour. The front line (or preceding line) of the wedge depicted by a bold broken line became parallel to the wake path, implying that a flow event moving almost at a speed of free-stream the occurred before the wedge-shaped turbulent zone emerged. After detailed investigation of the velocity contours at four streamwise positions shown in Figure 23 , along with the inspection of the intersection of the wedge front line and vertical broken line on the space-time diagram, it was turned out that peaky flow structures, designated A, B, C and D (or E, F, G and H) in the contours for s s 0 = 0.535, 0.622, 0.703 and 0.829, respectively, appeared as preceding phenomena to the turbulent zone. It is clear that the height of the structure gradually increased with s s 0 , penetrating into the main flow. In addition, there occurred flow acceleration behind the structure. These features imply that the flow structure observed in Figure 23 could be a turbulent spot or turbulent patch, although it is not clear that the LES and the grid used in this study were capable of capturing any turbulent spot. It is unlikely that vortices shed from the disturbed separation bubble reported by Stiger, Hodson [8] or Sarkar and Voke [11] could be an alternative to account for the emergence of those structures, although much remains unknown. Figure 24 shows the mass-averaged loss coefficients for the steady-state conditions to understand the quantitative impact of the solidity reduction as well as the exit Reynolds number upon the loss coefficients. Note that the mass-averaged loss coefficient shown in the following was normalized with the loss coefficient for S 00 at Re = 5.7 x 10 4 under no wake condition. It is evident that the decrease in the Reynolds number yielded the considerable rise of the loss coefficient. It was also confirmed that the reduction of the solidity brought about the increase of the loss coefficient. Figure 25 depicts the wake-affected loss coefficients that were calculated from the mass-averaging of the loss distributions for S 20 at three Reynolds numbers. The loss accumulation on the airfoil suction side as seen in Figures  16-18 was excluded before the averaging, based on the assumption that it was the remain of the bar wake and to be counted out from the cascade loss. It should be remembered that the process of excluding the bar wake loss was not free from some ambiguity, to which the data scattering observed in Figure 25 could be attributed. The normalized loss coefficients at Re = 5.7 x 10 4 , which were higher that those of other two Reynolds numbers, varied slightly with the Strouhal number, remaining to be almost the same level of the reference loss value, i.e., the loss coefficient for S 00 at Re = 5.7 x 10 4 under no wake condition. In contrast, the loss coefficients at Re = 10.0 x 10 4 and Re = 17.0 x 10 4 tended to grow rapidly with the Strouhal number. Despite the lack of experimental evidence, the loss coefficients at Re = 10.0 x 10 4 and Re = 17.0 x 10 4 are very likely to exceed those of Re = 5.7 x 10 4 if higher Strouhal number conditions could be achieved in the present test facility.
Behavior of Boundary Layer
Discussion on Mass-Averaged Loss
CONCLUSIONS
Experimental and numerical investigations were executed on the flow field around the low-pressure linear turbine cascade with variable solidity. Experimental findings can be summarized as follows; (1) Separation bubble emerged on the suction surface of the airfoil when the cascade solidity was reduced from the original value. It was found that the separation point tended to appear at almost the same streamwise location, irrespective of the Reynolds number or solidity. In contrast, the transition point as well as reattachment point of the separation bubble was susceptible to the Reynolds number and solidity. (2) It was found from the static pressure measurements that wake passing effectively suppressed the separation bubble, particularly at high Strouhal number cases. (3) Numerical simulation using LES approach predicted the steady-state static pressure distribution around the airfoil to great extent, with slight discrepancy mainly in terms of the transition and the reattachment point of the separation bubble. Time-averaged static pressure distribution around the wake-disturbed airfoil was also nicely reproduced by the LES. (4) The normalized loss coefficients at Re = 5.7 x 10 4 for the lowest solidity case varied slightly with the Strouhal number, remaining to be almost the same level of the reference loss value. This means a favorable aspect of the wake passing in term of loss control, although more intensive investigation should be devoted to accurate evaluation of the bar-wake loss in order to elucidate the effects of the wake passing upon the cascade loss. 
